Deregulation policy has caused some changes in the concepts of power systems reliability assessment and enhancement. In the present research, generation reliability is considered, and a method for its assessment is proposed using Game Theory (GT) and Neural Networks (NN). Also, due to the stochastic behavior of power markets and generators' forced outages, Monte Carlo Simulation (MCS) is used for reliability evaluation. Generation reliability focuses merely on the interaction between generation complex and load. Therefore, in the research, based on the behavior of players in the market and using GT, two outcomes are considered: cooperation and non-cooperation. The proposed method is assessed on IEEE-Reliability Test System with satisfactory results. Loss of Load Expectation (LOLE) is used as the reliability index and the results show generation reliability in cooperation market is better than non-cooperation outcome.
Introduction
Power systems have evolved over decades. Their primary emphasis is on providing a reliable and economic supply of electrical energy to their customers [1] . A real power system is complex, highly integrated and almost very large. It is divided into appropriate subsystems or functional zones that can be analyzed separately [1] . This paper deals with generation reliability assessment (Hierarchical Level I-HLI) in power pool market, and the transmission and distribution systems are considered reliable and adequate as shown in Figure 1 .
Most of the methods used for generation reliability evaluation are based on the loss of load or energy approach. One of the suitable indices that describes generation reliability level is "Loss of Load Expectation" (LOLE) , that is the time in which load is more than the available generation capacity. Generally, the reliability indices of a system can be evaluated using one of the following two basic approaches [1] :  Analytical techniques,  Stochastic simulation.
Simulation techniques estimate the reliability indices by simulating the actual process and random behavior of the system. Since power markets and generators' forced outages have stochastic behavior, Monte Carlo Simulation (MCS), as one of the most powerful methods for statistical analysis of stochastic problems, is used for reliability assessment in this research.
Since the beginning of the 21 st century, many countries have been trying to deregulate their power systems and create power markets [2, 3] . In the power markets, the main function of players is their own profit maximization, which severely depends on the type of the market. As a result, generation reliability assessment depends on the market's type and characteristics.
Reliability problems have been evaluated in power markets during the last decade [4, 5] . This paper deals with generation reliability in power pool markets using game theory (GT) and Neural Networks (NN). GT is the mathematical study of interaction among independent, self-interested agents [6] . That is, where the actions of one agent affect the payoff (utility or profit) of another agent in a way that affects the choice of best action by the affected agent. In Section 2, fundamentals of GT and its application to economics are discussed. Section 3, deals with the algorithm for generation reliability assessment in power markets using GT, and finally, case study results are presented and discussed in Section 4.
Oligopoly Power Markets and GT Concepts
Generally, economists divide the markets into four groups [7] :
Oligopoly market is a market in which the number of buyers is small, while the number of sellers could be large. This market differs from perfect competition market, because each firm is large enough to have a significant effect on the market. Also it differs from monopoly market, because there is more than one firm in the market. It differs from monopolistic competition market too, because its products are similar together.
Unlike a pure monopoly or perfect competitive firm, most firms must consider the likely responses of competitors when they make strategic decisions about price advertising expenditure, investment in new capital and other variables. The main question of each player is: If I believe that my competitors are rational and act to maximize their own profits, how should I take their behavior into account when making my own profit-maximizing decisions? One of the solutions, which economists use to answer this question, is GT. The application of GT has been an important development in microeconomics [7] .
One can imagine two different outcomes. First, the firms might get together and form a cartel, coordinating their behavior as if they are a single monopoly. Second, they might behave independently, each trying to maximize its own profit while somehow taking account the effect of what it does on what the other firms do. This paper deals with generation reliability evaluation of these.
Market demand curve has negative gradient, and the amount of demand decrease is explained by "price elasticity of demand". This index is small for short terms, and big for long terms; because in longer terms, customers can better adjust their load relative to price [7] . Demand function is generally described as P = a -b·Q. Therefore, price elasticity of demand is explained as:
Let's suppose load forecasted by dispatching center is an independent power from price that equals to Q n . Therefore, demand function can be obtained as:
Also Total Revenue (TR) is obtained as:
Cooperative Behavior: The Cartel
Suppose all the firms decide to cooperate in their mutual benefit: They calculate their costs as if they were a single large firm, produce the quantity that would maximize that firm's profits, and divide the gains among themselves by some prearranged rule. This condition is like a single monopoly market. Such a cartel faces a fundamental problem; it must somehow keep the high price it charges from attracting additional firms into the market. The cartel may try to deter entry with the threat that, if a new firm enters, the agreement will break down, prices will plunge and the new firm will be unable to recoup its investment. How might the cartel alter the situation? One way would be to increase the entrance cost high enough. Therefore here, it's considered that there is no new firm that enters the monopoly market.
Offer curve of a firm, is part of the marginal cost (MC) curve that is more than minimum average variable cost [7] . Also total offer curve of all firms is obtained from horizontal sum of each firm's offer curve. This is a merit order function.
In economics, if sale price in a market becomes less than minimum average variable cost, the company will stop production because it will not be able to cover not only the fix cost but even the variable cost [9] . Due to the changing efficiency and heat rate of power plants, marginal cost is less than average variable cost (AVC). Therefore, in power plants, AVC replaces MC in economic studies [8] .
In a monopoly market, the monopolist considers the production level that maximizes his profit. It has been proven that the monopolist considers the level of production in which marginal cost of each firm (and total marginal cost of all firms) equals to the marginal revenue (MR) of the monopolist [7] :
where:
A typical total offer and marginal revenue curves are shown in Figure 2. 
Non-Cooperative Behavior: Nash Equilibrium
Another outcome in oligopoly power market is to assume that the oligopoly firms make no attempt to work together. Perhaps they believe that agreements are not worth making because they are too hard to enforce, or that there are too many firms for any agreement to be reached. In such a situation, each firm tries to maximize its profit, independently. If each firm acts independently, the result is a Nash Equilibrium (NE).
Let 
That is, a NE is an outcome in which each player chooses his strategy to maximize his payoff, given the equilibrium strategies of all other players.
There are n firms, each selling an identical product on a market with inverse demand function P(Y); where, 
which can be rewritten as:
Since decisions are made simultaneously, firm i's choice cannot affect the choices of other firms. Thus, firm i perceives correctly that 0; i j y y j i      . Thus, the best choice for the firm i is obtained using: (9) can be interpreted as a best response function or reaction function for the firm i. It specifies the best choice for the firm i in response to (or in reaction to) the choices by other firms. This terminology is somewhat misleading since the firm i does not respond to the actions of other firms in a sequential sense (since all firms act simultaneously); rather firm i responds to what it expects other firms to do.
How are those expectations formed? The firm i expects all the other firms to play the strategy (output choice) that is a best response to its choice.
Therefore, Cournot-Nash equilibrium   y  is characterized by:
This is just a MR i = MC i condition. In other words, in Cournot model, each firm, supposing that other firms continue their present productions, acts as a monopolist. Therefore, demand curve for the firm i is obtained as:
Using (11), TR and MR of firm i are obtained as (13) and (14), respectively:
Therefore, in an oligopoly power market with non-cooperative behavior, generated power of each power plant is obtained using the following solution simultaneously: 
Algorithm of Generation Reliability Assessment Using GT and NN
Generation reliability of a power system depends on many parameters, especially on reserve margin, which is defined as [9] :
Now let's evaluate generation reliability for the mentioned two outcomes: cooperative and non-cooperative. i (9) Copyright © 2012 SciRes. SGRE
Generation Reliability Assessment in Cooperative Condition (Monopoly Market)
As explained before, in cooperative outcome, the market acts as a monopoly market. The algorithm of generation reliability assessment in monopoly power pool market using Monte Carlo simulation is as follows: 1) Calculate total offer curve of the power plants.
2) Select a random day and its load (Q n ), and calculate MR curve using (5).
3) The power plants, selected for generation in the selected day, are determined from the intersection of the power plants' total offer curve and MR curve with regard to the reserve margin.
4) For each power plant selected in the previous step, a random number between 0 -1 is generated. If the generated number is more than the power plant's Forced Outage Rate (FOR), the power plant is considered as available in the mentioned iteration; otherwise, it encounters forced outage and thus can not generate power. This process is performed for all power plants using an independent random number generated for each plant. Finally, sum of the available power plants' generation capacities is calculated. If the sum becomes less than the intersection of the power plants' total offer curve and demand exponent curve, we will have interruption in the iteration, and therefore, LOLE will increase by as much as one unit; otherwise, we will go to the next iteration. The algorithm of available generated power and LOLE calculation for each iteration in MCS is shown in Figure 3 .
5) The Steps 2 to 4 are repeated for calculation of the final LOLE.
Generation Reliability Assessment in
Non-Cooperative Condition (Cournot-Nash Equilibrium)
The algorithm of generation reliability assessment in oligopoly power pool market for non-cooperation outcome using MCS is as follows: 1) Select a random day and its load (Q n ), and calculate demand curve cross of basis and gradient using (2).
2) Calculate the power plants' generated powers in the selected day using (11)-(15). Also, the amount of total demand is obtained using sum of plants' generated powers regardless of reserve margin.
3) For each power plant selected in the previous step, with regard to the reserve margin, a random number between 0 -1 is generated. If the generated number is more than the power plant's Forced Outage Rate (FOR), the power plant is considered as available in the mentioned iteration; otherwise, it encounters forced outage and thus can not generate power. This process is performed for all power plants using an independent random number generated for each plant. Finally, sum of the available power plants' generation capacities is calculated. If the sum becomes less than the intersection of the power plants' total offer curve and demand exponent curve, we will have interruption in the iteration, and therefore, LOLE will increase by as much as one unit; otherwise, we will go to the next iteration.
4) Steps 1-3 are repeated for calculation of the final LOLE.
Generation Reliability Evaluation Using NN
Now, to create a unique structure, a four-layer Perceptron NN is used for reliability evaluation. The number of neurons in each layer is 20, 15, 10 and 1, respectively (Figure 4) . All neurons in the first, third and last layers have POSLIN transfer function, and the second layer has TANSIG transfer function. Three inputs of the NN include:  C: A number that shows the kind of outcome (1 for cooperative, and 2 for non-cooperative outcomes),  E d : Price elasticity of demand,  RM: Reserve margin.
Also, the NN's output is LOLE index. 
Numerical Studies
IEEE-Reliability Test System (IEEE-RTS) is used for case studies. Data for IEEE-RTS can be found in [10] . In all case studies, the following assumptions are applied:
1) All case studies are simulated for the second half of the year based on the daily peak load of the mentioned test system.
2) All simulations are done with 5000 iterations.
3) Each study is simulated for four different reserve margins (0%, 4.8%, 9% and 13%).
4) All scenarios are simulated for two price elasticity of demands (0.001 and 0.01).
5) € In Cournot-Nash outcome, it is assumed that each power plant belongs to an independent firm (n = m).
6) NN is trained with TRAINLM method in MATLAB software with 150 epochs. In this research, the NN reached 0.1 Mean Square Error (MSE) after training.
In the first study, price elasticity of demand equals 0.001. Based on this assumption and using MCS algorithm and the proposed NN, LOLE values are obtained versus different reserve margins as shown in Figures 5  and 6 , respectively.
In the second study, price elasticity of demand equals 0.01. Based on this assumption and using MCS algorithm and the proposed NN, LOLE values are obtained versus different reserve margins as shown in Figures 7 and 8 , respectively.
As shown, in both case studies, LOLE values in the NN method are very similar to those of the MCS method. Evidently, the NN's specifications depend on the power system's characteristics, and the proposed NN is valid for the mentioned power system. Therefore, NN's specifications may be changed in another power system based on the power system's parameters. Figure 8 . LOLE values for the second study using NN.
In both case studies, if reserve margin increases, LOLE will decrease and reliability will improve.
In monopoly market, if price elasticity increases, MR curve takes less gradient. As a result, intersection of the power plants' total offer curve and MR curve occurs at less demand. This leads to the operation of fewer power plants. Therefore, in all case studies in monopoly market, if price elasticity increases, LOLE will decrease.
In Cournot-Nash equilibrium, if price elasticity varies, the generated power of every power plant varies, too. Therefore, LOLE will differ based on the share of every plant's generated power and FOR.
LOLE values in Cournot-Nash outcome are very bigger than those of the monopoly outcome. Because in monopoly market, only the plants, which are selected by intersection of the total offer and MR curves, are in service (considering RM), while in Cournot-Nash outcome, all of the players participate in the market, and the load feeds based on the plants' optimum generated power. Therefore, in monopoly market, at every time period, only a few plants are in service, while in Cournot-Nash outcome, all of the power plants are in service based on their optimum generation. Since the number of in-service plants in Cournot-Nash outcome is very bigger than in monopoly market, generation reliability in monopoly market is better than in Cournot-Nash outcome.
It is worth noting that, since available capacity of hydro plants in IEEE-RTS are different in the first and the second halves of the year, therefore, in the present work, simulations were done for the second half of the year. Evidently, the proposed method can be utilized for every simulation time.
Conclusions
This research deals with generation reliability assessment in power pool market using GT. Due to the stochastic behavior of market and generators' FOR, MCS was used for simulations. Also, for creation of a unique structure for reliability assessment, a NN was used, which its outputs were very similar to the MCS results.
Based on the players' cooperation conditions, two outcomes (Monopoly and Cournot-Nash equilibrium) were considered. LOLE was used as generation reliability index, and it was shown that generation reliability in monopoly market is better than Cournot-Nash model. Also, in monopoly market, if price elasticity increases, LOLE will improve. On the other hand, in Cournot-Nash model, if the price elasticity of demand varies, the power plants' generated powers will vary too, and that is why LOLE changes.
